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(54) Smart card, and method of loading application programs and scripts into same 



(57) The invention provides a method that enables 
loading/unloading a plurality of types of games as part 
of an application program, typically, a game application 
program installed on a smart card system with high abil- 
ity of storing information for which highly-reliable secu- 
rity is achievable, extending the use range of the card. 
Of a program to run on the card, the processing parts 
that can be executed in common are packaged as mod- 
ules and game definitions described in scripts are load- 



ed/unloaded into/from the card as required from a ter- 
minal operating with the card. In the program, a script 
interpreter that interprets and executes scripts, a con- 
troller that controls scripts loading/unloading, a control- 
ler that performs the management of point data and 
rights to play game are prepared, whereby dynamic 
loading/unloading of types of games is possible and one 
application can offer a plurality of types of games that 
can be selectively executed. 
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Description 

Background of the Invention 

[0001] The present invention relates to a method of 
loading an application program into a smart card, smart 
cards, a method of loading scripts into a smart card, a 
terminal device capable of operating with smart cards, 
and a storage medium holding an application program; 
particularly to a computer system with highly- reliable se- 
curity, especially, such system with its kernel built on an 
IC card wherein an application program stored into its 
nonvolatile storage can run inside the card. 
[0002] IC cards (or termed smart cards) furnished with 
a built-in CPU (Central Processing Unit) that enables 
operations inside the card are expected to be used in 
various application fields, particularly, in financial appli- 
cation such as electronic money, and their introduction 
has been advanced positively in late years because of 
their Information storage ability and highly-reliable se- 
curity achievable. 

[0003] Recently, operating systems (OSs) for such 
cards, enabling the safe coexistence of multiple appli- 
cations on a single card have been generally used. As 
these OSs for such cards that support multiple applica- 
tions on the card, "MULTOS" supplied by Mondex Inter- 
national and "Java Card" (TM) supplied by Sun Mi- 
crosystems, Inc. are known. Smart cards with this kind 
of multi-application OS are controlled so that the appli- 
cation programs installed on the card will be highly in- 
dependent of each other when running. Not only a plu- 
rality of programs can safely coexist on these cards, but 
also a new application can be added to these cards after 
a card is issued or an unnecessary application program 
can be removed from them. Thus, these cards can be 
regarded as safe computers rather than simple informa- 
tion storage media. From the viewpoint of active use of 
their highly-reliable security feature or new cards that 
supercede the conventional magnetic card function, 
smart cards are expected to have applications in the fi- 
nancial field such as credit cards or electronic money, 
especially, as the implementation of interiinking a plu- 
rality of applications. 

[0004] Conventionally, a point system or a customer- 
loyalty system (hereinafter referred to as a point system) 
has been generally used as a means of getting more 
customers. This system is defined as "a system such 
that a customer's points increase by the use of the cus- 
tomer's card and the customer can be granted a prede- 
termined service according to the accumulated points." 
Supposing that customers expect to be granted some 
privilege by getting points, shop managers and card is- 
suers aim at the effect of promotion of using cards for 
shopping at their shops. Examples of such system are 
stamp cards that are valid only in a shopping district, 
department stores' point systems, or airlines' mileage 
programs. As one example, a department store's point 
system is explained below. Customer members have 



their cards issued from the department store. Whenever 
a member customer does shopping at the store and 
presents his or her card to the clerk, points the customer 
gets, according to how much he or she paid (for exam- 

5 pie, 20 points are added per 1 ,000 yens of payment) are 
accumulated and recorded In the customer's purchase 
log. When predetermined points have been accumulat- 
ed, the customer can exchange the points for a gift cer- 
tificate (for example, the customer can exchange 1 ,000 

10 points for a gift certificate of 1 ,000 yens. In other words, 
member customers gain by a discount rate that is t , 000 
yens per shopping amounting to 50,000 yens, according 
to the calculation in this case.) Department stores may 
offer an additional discount in such a manner that the 

15 points are added at a double rate during a special cam- 
paign period or that if the amount a member customer 
paid for shopping or service at the department store a 
year reaches a certain amount, his or her discount rate 
rises. In this way, department stores usually stimulate 

20 the will to buy of their customers. For airlines' mileage 
programs as another example, flight distance of travel 
per customer instead of the amount the customer paid 
is accumulated. In the system of this kind, if the total 
distance that a customer traveled by using an airline 

25 reaches a predetermined flight distance, the airline 
grants the customer some privilege such as a free airline 
ticket or a seat upgrading service. In this case, similarly, 
the airline offers service in accordance with the log of a 
member customer who has used the airline, thereby mo- 

30 tivating customers to select the same airline again. By 
installing such point system on a smart card, points of 
the card user can be correctly managed by means of 
the card. For a smart card with the multi-application OS, 
linking with electronic money or with credit card facilities 

35 can use the point system more effectively. 

[0005] As one application that utilizes the feature of 
the above-described smart card supporting the compat- 
ibility of multiple applications, a "point system with game 
on smart cards" has been proposed. This system is such 

40 that game program is integrated with a point system on 
the card and point value may increase according to the 
result of the game stored in the card. The patents for the 
inventions regarding this system were applied for in Jap- 
anese Patent Application No. Hei 10-239812 and Jap- 

^5 anese Patent Application No. Hei 10-321684. In these 
inventions, the count of user-playable games is defined 
as "rights to play game", and a method in which the 
smart card program can implement game application 
safely by managing the rights to play game and the 

50 points as the result of games has been proposed. 
[0006] Moreover, another system in which a plurality 
of specific programs can be incorporated into a point 
management program has been proposed as a method 
of managing a point system on smart cards. The patent 

55 for the invention regarding this system was applied for 
in Japanese Patent Application No. Hei 10-307216. Ac- 
cording to this method, by embedding shop-specific pro- 
grams into the point management program, points from 
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a plurality of shops can be managed on a shop-by-shop 
basis by running a single program of point application. 

Summary of the Invention 

[0007] The multi-application smart card OSs such as 
"MULTOS" have a predetermined loading mechanism 
in view of security. The loading mechanism is used to 
check that the downloaded application is not falsified, 
that the authorized programmer has programmed the 
application, and that the card is granted the permission 
to download the application program. For example, 
checking to see whether the application program is fal- 
sified is performed as follows. As signature data, a hash 
value of the application program, encrypted in the se- 
cret-key crypt system of the Certificate Authority (CA) is 
attached to the application program. This hash value as 
the signature is compared with a hash value recalculat- 
ed on the card for a match and thereby verification can 
be performed. Checking the above matters is important, 
on which the safety of the smart card is dependent. 
Thus, a strict procedure for each card type is prescribed 
and the mechanism is designed so that the application 
program transferred to the card cannot be downloaded 
unless it is coded in predetermined data format. This 
regulation is called an "application issue scheme." 
[0008] Accordingly, in orderto load an application pro- 
gram into a smart card with the multi-application OS is 
installed, a predetermined application authentication 
and registration procedure must be carried out, accord- 
ing to the above application issue scheme. Consequent- 
ly, actual operation of replacing an application program 
installed on the card by another program requires con- 
siderable time and labor, though this is, in principle, pos- 
sible after the card is issued. This is inevitable for main- 
taining the safety of the smart card. Notwithstanding, 
this problem is not considered significant for ordinary fi- 
nancial applications for which program contents do not 
change much frequently. 

[0009] For game applications, however, frequent up- 
dating of their contents is required much, because users 
may tend to lose interest in playing a game unless vari- 
eties of games are available. Considering that the ap- 
plication authentication and registration procedure must 
be carried out each time a new game is loaded, while 
frequent game exchange is desirable, such complex 
procedure would deter us from turning game application 
features to full account. 

[001 0] Another problem arises with separately devel- 
oping and distributing different application programs for 
different types of games. When points acquired by play- 
ing an old type game are transferred into a new type 
game, some procedure is required and point manage- 
ment in view of this transfer becomes complex. 
[0011] In the application development phase, sepa- 
rately programming applications with similar facilities by 
each request is much time-consuming process. During 
developing and distributing many types of game appli- 



cations, management of Issues and management of dis- 
tribution when applications are loaded into cards are re- 
quired. 

[001 2] Furthermore, in the current situation where dif- 
5 ferent OS types for smart cards such as "MULTOS" and 
"Java Card" coexist, an OS Incompatibility problem fur- 
ther increases the reprogramming time. Game applica- 
tions that run on smart cards under different OS types 
must be rebuilt separately on a plurality of platforms that 
10 use different OS types whenever game exchange oc- 
curs. 

[001 3] These problems are not limited to game appli- 
cations, but similar problems are expected to occur with 
applications to run on smart cards for which frequent up- 

is date of the contents for processing is desirable. 

[001 4] An object of the present invention is to provide 
a game application program to run on a smart card, mak- 
ing it possible to increase game variations to run in the 
program without being accompanied by a complex pro- 

20 cedure of application program replacement, whereby 
the card user can readily play with one of a plurality of 
types of games on the card and new games can be de- 
veloped Independent of the difference between the OSs 
under which they are to run. 

25 [0015] If the invention is extended to general applica- 
tions beside game applications, another object of the 
present invention is to provide an application program 
to run on a smart card, making it possible to increase 
process variations to run in the program without being 

30 accompanied by a complex procedure of application 
program replacement, whereby the card user can read- 
ily request one of a plurality of types of processes on the 
card and new processes can be developed independent 
of the difference between the OSs under which they are 

35 to run. 

[0016] In order to attain the above objects, means to 
run one of a plurality of types of games in a single ap- 
plication program installed on a smart card are pro- 
posed. 

to [0017] A conceivable way that is considered primary 
is sharing the entities (data storage and processor) for 
the point data as the result of playing games and the 
rights to play game with a plurality of games. Once the 
entities of managing the point data and the rights to play 

45 game have been set to commonly run in the game pro- 
gram processing, virtually, it can be thought that only the 
algorithm forjudging game result differs depending on 
the game that is requested to run 
[001 8] Through close examination of types of games 

50 to primarily run on smart cards that are not regarded as 
having complicated calculation capability, it is obvious 
that processes required to execute games are "receiv- 
ing data sent from the user via the terminal," "generating 
a random number," "simple addition/subtraction," "stor- 

55 ing data," and "data comparison and branching" in com- 
bination that are iterated. If part of an application pro- 
gram is made modular, that is, it is made up of "compo- 
nents" that independently implement the above proc- 
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esses, games can be defined in "scripts" like represen- 
tation that defines sequence in which these components 
are called. Specifically, preparing processing modules, 
namely "components" to implement the processes re- 
quired to execute games and an "interpreter" for inter- 5 
preting and executing scripts in a single application pro- 
gram is essential. This makes it possible to run one of 
different games by selectively executing the game def- 
inition "scripts" generated outside the program. 
[001 9] If such scripts are permitted to be loaded from i o 
outside or unloaded if necessary as part of an applica- 
tion program through a terminal, it becomes possible for 
a single game application program on a smart card to 
offer a plurality of games of different types that can be 
selectively executed. is 
[0020] Exchanging or adding scripts, if assumed fea- 
sible, however, means that any script can be stored into 
an application program and there is a possibility of in- 
cluding a game in ill-intentioned scripts, which may re- 
sult In that some user could get points by foul play with 20 
such game. The security of smart cards is satisfactory, 
but becomes useless for such foul play. As the substi- 
tution for the application program issue scheme defined 
as the card OS security mechanism, a pseudo issue 
scheme must be provided within an application program 25 
installed on the card to control storing scripts and pre- 
vent ill-intentioned scripts from being stored. Specifical- 
ly, a controller must be provided to control loading and 
unloading scripts so that ill-intentioned scripts will be 
shut out from the application. 30 
[0021] The present invention assures safety of load- 
ing scripts by providing the application program installed 
on the smart card with the pseudo issue scheme instead 
of the application program issue scheme that the OS of 
the card has. The invention also prepares the process- 35 
Ing entity for interpreting and executing scripts within the 
application program, so that a single application pro- 
gram can offer types of games which are different fea- 
tures, though limited. 

[0022] Points may increase, according to the result of 40 
playing with a game, and the player can later be granted 
a predetermined service (for example, exchanging 
points for a commodity), according to the points. Data 
of these points, of course, can be processed commonly 
for a plurality of games and in addition can be managed *s 
for each game issuer by adding game issuer information 
to the game definition scripts stored into the card. 
[0023] Therefore, as the means to solve the above- 
mentioned problems, the present invention comprises 
the following six major entities. so 
[0024] As the means to be provided on the smart card 
side. 

(1) An application program consisting of the follow- 
ing elements: 55 

(a) Game executing components: A set of mod- 
ules for implementing the processes pro- 



grammed In the card, required to execute the 
game application; 

(b) Storage for game definition scripts: Area for 
storing scripts that define sequence in which 
the components are to be executed; 

(c) Script interpreter: Interpreter for Interpreting 
and executing game definition scripts; 

(d) Storage and processor for point data: Area 
for storing points that may increase, according 
to the result of playing a game, and the proces- 
sor for point data management; 

(e) Storage and processor for rights to play 
game: Area for storing the count of rights to play 
game and the processor for managing the 
rights to play game; and 

(f) Command analyzer: Processor to analyze 
commands from a terminal and call the appro- 
priate process within the program. 

The above are necessary. In addition, 

(2) Processor for storing game definition scripts: 
The processor has the function that manages stor- 
ing game definition scripts and exchanging scripts. 
Processing of this processor is based on the game 
issue scheme prescribed in the application pro- 
gram. 

(3) Function of point management per issuer: Man- 
ages points and rights to play game per issuer. 

The above two functional entities are prepared 
as required. 

The following are required for a terminal device 
for operating with the smart card in question: 

(4) Function of issuing a game: Issues game defi- 
nition scripts and/or rights to play game to the smart 
card by performing data communication with the 
smart card under a predetermined protocol. Game 
definition scripts and rights to play game may be 
separately managed or put under integrated man- 
agement. 

(5) Function of executing a game: Executes a game 
by sending user-input commands for playing game 
to the card and receiving responses from the card 
by performing data communication with the smart 
card under a predetermined protocol. A user inter- 
face that allows the user to play games is also re- 
quired. 

(6) Function of calculating points: Obtains the point 
count stored in the card and sets a new point count 
(by subtraction, primarily) by performing data com- 
munication with the smart card under a predeter- 
mined protocol. Point calculation is executed with 
an issuer identifier if point data management per is- 
suer is performed. 

[0025] A single terminal may be provided with all of 
the above functions in items (4) to (6) or separate ter- 
minals may take part of the functions. 
[0026] Other and further objects, features and advan- 
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tages of the invention will appear more fully from the fol- 
lowing description. 

Brief Description of the Drawings 

5 

[0027] A preferred form of the present invention is il- 
lustrated in the accompanying drawings in which: 

Fig. 1 is a conceptual diagram illustrating how a 
game and point system using smart cards serves io 
customers; 

Fig. 2 is a diagram illustrating the information flow 
during program execution on a smart card that sup- 
ports the compatibility of multiple applications on 
the card; 1 s 

Fig. 3 is a diagram for illustrating a concrete smart 
card configuration for the game and point system 
concerned with a preferred embodiment of the 
present invention (the first one); 
Fig. 4 is a diagram for illustrating a concrete smart 20 
card configuration for the game and point system 
concerned with a preferred embodiment of the 
present invention (the second one); 
Fig. 5 is a diagram for illustrating a concrete smart 
card configuration for the game and point system 25 
concerned with a preferred embodiment of the 
present invention (the third one); 
Fig. 6 is a diagram for illustrating a concrete smart 
card configuration for the game and point system 
concerned with a preferred embodiment of the 30 
present invention (the fourth one); 
Fig. 7 is a diagram for illustrating a concrete smart 
card configuration for the game and point system 
concerned with a preferred embodiment of the 
present invention (the fifth one); 35 
Fig. 8 is a diagram for illustrating a concrete smart 
card configuration for the game and point system 
concerned with a preferred embodiment of the 
present invention (the sixth one); 
Fig. 9 is a diagram illustrating an example, of game 40 
issue operation (the first one); 
Fig. 1 0 is a diagram illustrating an example of game 
issue operation (the second one); 
Fig. 11 is a diagram illustrating the processing of the 
script interpreter; 45 
Fig. 12 gives an example of scripts described in a 
language to call common process components; 
Fig. 13 illustrates a slot machine game example; 
Fig. 14 gives an example of scripts described for 
the slot machine game; so 
Fig. 15 illustrates a roulette game example; 
Fig. 16 gives an example of scripts described for 
the roulette game; 

Fig. 17 Illustrates a shooting game example; 

Fig. 1 8 Illustrates an example of the processing pro- 55 

cedure of the shooting game; 

Fig. 19 gives an example of scripts described for 

the shooting game; and 



Fig. 20 Is a diagram illustrating an example of ques- 
tionnaire system operation. 

Detailed Description of the Preferred Embodiments 

[0028] Fig. 1 shows a conceptual diagram illustrating 
how a game and point system using smart cards serves 
customers. The system is roughly divided into the serv- 
ice providers 1 side (101) and the users 1 side (109). The 
service providers' side (101) comprises an application 
provider (102) that distributes a game application by 
loading it into smart cards and terminals, a service ad- 
ministrator (103) that administrates game operation, 
and shops (1 04) at which a game issue is loaded into a 
smart card of a user and points are exchanged for a 
service. Here, a single entity may double the application 
provider (1 02) and service administrator (1 03) or the ap- 
plication provider (102) and service administrator (103) 
may be separate entitles. In normal situation, a plurality 
of shops (104) exist in separate sites. In some case, a 
shop (104) exists only in one site and belongs to the 
same application provider (1 02) and service administra- 
tor (1 03). The users' side (1 09) consists of one or more 
users (113) and each user (1 1 3) possesses at least one 
smart card (110). The user (113) may possess a game 
playable terminal for user (111) provided with the input/ 
output function for executing a game application in- 
stalled on the card (but, this terminal is not necessary) . 
The game playable terminal for user (111) need not be 
limited to that only having facilities dedicated to playing 
games, but also may be an ordinary personal computer 
(PC) with a smart card reader/writer (the smart card ac- 
cessing device) or a special portable terminal for oper- 
ating with smart cards, having facilities such as checking 
the user's balance recorded in the card, provided that it 
has at least the function of. data input /output to/from a 
smart card (1 1 0) and a support (as an auxiliary) of game 
application execution. 

[0029] The application provider (102) first loads a 
game application into the smart card (1 1 0) of each user 
(113). In the typical case, a game application is loaded 
into the card when the smart card (1 1 0) is issued to the 
user (113). After the issue of the card, a game applica- 
tion can be freely loaded into the card, which is a feature 
of the smart card on which the OS supporting the com- 
patibility of multiple applications on the card is Installed. 
The information on loading applications may be reflect- 
ed in game management data (106) which will be de- 
scribed later. 

[0030] The service administrator (1 03) retrieves nec- 
essary data from the game management data (1 06) da- 
tabase in which all kinds of information on the game and 
point system in question are filed and uses a game man- 
agement server (107) to distribute game parameters to 
terminals (108) at shop. 

[0031 ] Shops (1 04) issue rights to play game or game 
patterns to smart cards (110), according to how much 
the user (1 1 3) has paid (shopped) at the shop. The rights 
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to play game mean the rights for the user to play with a 
game and the rights decrement by one after the user 
plays one game. The game patterns mean types of pa- 
rameters of games to be executed within the smart card, 
including rights to play game. 
[0032] Having rights to play game given to the smart 
card (110), users (113) can play games installed in the 
card by means of the game playable terminal for user 
(1 1 1 ) or a game playable terminal at shop (1 1 2) placed 
in a shop (104) (As with the game playable terminal for 
user, the terminal managed by a shop may be In any 
form, provided it has the interface with a smart card and 
the game execution support function) . According to the 
result of game play, the points in the smart card (110) 
are updated. 

[0033] The points can be exchanged for a commodity 
or a prize at a shop (1 04). Game issue data, user game 
play log data, and point exchange log data, whenever 
generated, are saved-and stored into the database of 
game management data (1 06), and fed back to the next 
process of generating game parameters and issuing a 
game, In this way, the service administrator dynamically 
controls game parameters by using the latest game da- 
ta, so that the service provider (101) can manage overall 
system circumstances. 

[0034] Now, information flow during program execu- 
tion on a smart card that supports the compatibility of 
multiple applications on the card will be briefly explained 
with reference to Fig. 2. The smart card (201) is 
equipped with an I/O interface (202), and one or more 
applications (203) are assumed to have been loaded in- 
to it, according to a predetermined procedure. The ap- 
plication program (203) and the application program 
(203'), shown, are separate independent programs and 
each program is inhibited from making an illegal access 
to the other program. A terminal (120) is equipped with 
a smart card reader/writer (161) and an I/O interface 
(164), and a terminal OS (163) is installed on it, and 
moreover, one or more terminal programs (162) for 
processing with a mating application program installed 
on the smart card are installed on it. One or more termi- 
nal programs for processing with one application pro- 
gram on the smart card are normally required. 
[0035] When the user (or a clerk) performs input (151) 
to the terminal (120) via a user interface, the terminal 
program (162) generates a command (152) to be sent 
to the smart card. The terminal program (1 62) sends the 
command to the smart card (110) (153) via the smart 
card reader/writer (161 ). When the smart card (110) re- 
ceives the command, the smart card OS (201) deter- 
mines an application program (203) to which the com- 
mand is to be sent and sends the command (1 54) to the 
application program (203) that the terminal program 
(1 62) intends to send it to. The processing part (205) of 
the application program (203) executes processing In 
accordance with the command; it accesses the applica- 
tion data (204) database, performs value update (155), 
and generates a response (156). The response is re- 



turned (1 58) to the terminal (1 20), and the terminal pro- 
gram (162) shows results (1 68). This is program execu- 
tion flow in a series. 

[0036] Even if a plurality of application programs (203) 
5 have been loaded, the intended program execution on 
the smart card (110) can be performed via the terminal 
(1 20) by terminal program (1 62) switching to the appro- 
priate application program (203) to which the command 
is issued. Basically, the application programs (203) on 
the smart card (1 1 0) are controlled not to affect the data 
for another program illegaily. However, for example, un- 
der "MULTOS," a plurality of application programs can 
operate in linkage with each other by a predetermined 
method termed delegation (meaning that one program 
entrusts or transfers a process to another program), 
(The latest version of "MULTOS" is provided with this 
function. The delegation function is not described in de- 
tail herein.) 

[0037] Next, concrete smart card configurations for 
the game and point system embodied in a preferred em- 
bodiment of the present invention will be explained with 
reference to Figs. 3 to 8. The following explanation will 
be made by using the case where two types of games 
are available on the card as an example. Here, the 
"types" of games are game variations for which different 
algorithms are used to define how game results are re- 
flected in points, where algorithms shall be basically de- 
fined by the combination of the processes within the 
card, such as data calculation and random number gen- 
eration. 

[0038] Fig. 3 shows a smart card configuration that 
can be embodied to run game applications according to 
the previous invention for which the application for pat- 
ent was filed (as Japanese Patent Application No. Hei 
10-239812 and Japanese Patent Application No. Hei 
10-321684), wherein two types of games are available 
on the card. The smart card (110) operates under the 
card OS (201) supporting the compatibility of multiple 
applications on the card, such as "MULTOS" and "Java 
Card" and is equipped with the input/output interface 
(202) for data transfer to/from the terminal (120). The 
specifications of the above previous invention state that 
one algorithm for result judgment is defined for one ap- 
plication each. Thus, as many game application pro- 
grams (200) as the number of game types available on 
the card are necessary. In this configuration shown, a 
first game application is marked (A) and a second game 
application is marked (B). 

[0039] The game application program (A) (200) com- 
prises the data storage portions for game parameters 
(221), rights to play game (222), and point data (222) 
and actual processing parts, command analyzer (211), 
algorithm for result judgment (21 2), processor for rights 
to play (213), and processor for point data (214). The 
shaded portions in the figure, (211), (212), (213), and 
(214) are the processing parts that become fixed once 
the program has been loaded into the card. Data con- 
tained In the storage portions (221), (222), and (223) 
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changes with the program execution. Commands from 
the terminal (1 20) are roughly divided into those regard- 
ing game issue from a shop and those regarding game 
play from the user. The command analyzer (211) distrib- 
utes commands to the processors, according to the 
command type, and the processors execute processing 
and thereby the points may increase and the rights to 
play game decrement. When receiving commands for 
playing a game from the user, the game is executed, 
according to the algorithm of result judgment (212) and 
game parameters (221 ) depending on the user input. 
According to the game result, the points in the point data 
(223) storage may increase and the count of the rights 
to play game (222) decrement by one a game. The count 
of the rights to play is controlled so that the user cannot 
play with a game in excess of the user-playable game 
count corresponding to the rights given to the user from 
a shop. 

[0040] The game application program (B) (200') is al- 
so configured the same as the program (A) and include 
independent processing program components installed. 
Because commands from the terminal (1 20) are sent af- 
ter application selection, independently set commands 
are Issued to each of the game application programs 
(200) and (200'), thereby running the application pro- 
gram. Of course, point data (223) and (223') are also 
stored separately, and in principle, integrated process- 
ing for point exchange is impossible. Definitely different 
parts between game (A) and game (B) are the algo- 
rithms for result judgment (212) and (212*). Other com- 
ponents for processing of rights to play game and points 
consist of similar functional units. Notwithstanding, sep- 
arate programs execute separate processing and this 
should be considered a problem in view of quiet an in- 
effective use of limited resources of smart cards. 
[0041] To run the game application (A) program (200) 
and the game application (B) program (200') which are 
essentially separate applications under "MULTOS," it is 
necessary to carry out the application registration and 
authentication procedure for each program in accord- 
ance with the application issue scheme defined for the 
OS when installing the applications. An outstanding fea- 
ture of smart cards supporting the compatibility of mul- 
tiple applications on the card is that dynamic application 
loading and unloading are possible after the card issue. 
For applications such as game software for which fre- 
quent updating of the contents is desirable, however, 
whenever a new game program programmed to run with 
another algorithm is loaded, carrying out the application 
registration and authentication procedure is trouble- 
some and burdensome. Moreover, when switching from 
game (A) to game (B) occurs, the user might wish the 
accumulated points as the result of the previous plays 
with the game (A) to be inherited for natural feelings. For 
the smart card configuration shown in Fig. 3, however, 
it is not simple to transfer points from one game to an- 
other and perform accompanied point information man- 
agement. 



[0042] As concerns counting points in common for a 
plurality of games, a possible method of resolving the 
program is using a special application for point manage- 
ment besides game applications. This method is feasi- 

3 ble by the above previous invention. This method is such 
that a point application program in addition to game ap- 
plications is prepared and point data management is 
performed within it. When requested from the game ap- 
plications, point change processing is executed by using 

io the delegation of the card OS (201 ). Even if the integrat- 
ed point management problem is solved by using this 
method, however, the application registration and au- 
thentication procedure for a new game program to be 
added is still required and the above method does not 

15 provide a drastic solution. 

[0043] Then, a method of processing a plurality of 
types of games within a single application will be con- 
sidered below. 

[0044] Fig. 4 shows a smart card configuration ac- 
20 cording to the method in which an game application is 
installed comprising common parts for point data for 
which integrated management is desirable and com- 
mand processing and portions for specific processing 
such as game parameters and result judgement algo- 
us rithm. The latter portions are prepared as many as the 
number of game types. On the smart card (1 1 0), a game 
application program (200) is installed, wherein two types 
of games, game (A) and game (B) can be processed. 
Although another game type, game (C), of course, can 
30 be incorporated into the program, the following expla- 
nation will discuss the example case where the applica- 
tion program accommodating two games is installed as 
shown. Note that the game types to be executed are 
fixed when the application is issued and adding a new 
35 game cannot be performed in this example. 

[0045] Point data (223) storage is common so that 
points acquired as the result of game play can be proc- 
essed common for a plurality types of games. The com- 
mand analyzer (211) that receives commands from the 
40 terminal and supplies them to the appropriate processor 
is also common to a plurality of games, separate from 
the game processing components. Game parameters 
(221 ), rights to play game (222), and algorithm for result 
judgment (212) are provided as many as the number of 
45 game types as the components to execute different 
processing for different games. The processor for rights 
to play (213) and processor for point data (214) are pro- 
vided as common processors. 
[0046] Establish a command identification scheme in 
so advance so that commands sent from the terminal (1 20) 
can be identified, according to the game type. The com- 
mand analyzer (211) analyzes commands it receives, 
finds which game type to which the commands are sup- 
plied, and selects the appropriate algorithm for the com- 
ss mands. If the commands are those for game (a), 
processing is executed, according to the algorithm for 
result judgment (212) for game (A) and the point data 
(223) may be updated, according to the result of the 
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processing. Updating the points in the point data (223) 
storage is performed in the same way whether game A 
or game (B) has been executed. 
[0047] Fig. 5 shows a smart card configured accord- 
ing to a game execution method upgraded from the cor- 
responding method for the card shown in Fig. 4. Basi- 
cally, most of game processes can be represented as 
the iteration of processing user input values, generating 
a random number in the card in accordance with the in- 
put timing, and judging the result from the combinations 
of local variables and constants given as parameters. 
Even if the algorithm for result judgment differs between 
games, most of other portions of a game application can 
be executed in common. Thus, part of the game appli- 
cation is made modular for processes that can be exe- 
cuted In common for a plurality of games, such as gen- 
erating a random number, addition/subtraction, and it- 
eration as common process components. Common 
process components (244) are prepared as component 
modules for executing processes that are required in 
similar context. 

[0048] With the focus on game (A), the application in- 
cludes the storage areas for game parameters (221) 
and rights to play game (222) and definition of compo- 
nent call (225) in the game (A) main (215) defines the 
procedure for judging whether the user wins at the 
game, that is, what sequence in which the common 
process components (224) are to be called. The pro- 
gram is executed in almost the same way as for the 
method used for the smart card shown in Fig. 4. The 
command analyzer (211) selects the appropriate game 
main, according to the command type. Thereby, a plu- 
rality of games, as assembled into the program before- 
hand, can be processed. For the smart card example 
shown in Fig. 5, as compared with that shown in Fig. 4, 
the processes that can be executed in common are 
packaged as components in as large part of the program 
as possible, so that efficient application operation can 
be achieved. 

[0049] Whether in the game execution method for the 
card shown in Fig. 4 or in the corresponding method for 
the card shown in Fig. 5, a plurality of game types as- 
sembled in advance into the application as the applica- 
tion was programmed can be processed and one of dif- 
ferent games can be executed, the appropriate one be- 
ing selected in accordance with the commands from the 
terminal, but another game type cannot be assembled 
into the application once the programmed application 
has been issued. To enable another game type to be 
executed on the card, it is necessary to program a new 
application that accommodates the game and replace 
the existing application on the card by the new applica- 
tion, when the application registration and authentica- 
tion procedure must be carried out again. 
[0050] In Fig. 6 and Fig. 7 that follow, a method is pro- 
posed in which replacing a game type by another game 
type or adding another game type can be performed 
without being accompanied by the application registra- 



tion and authentication procedure and application re- 
placement. 

[0051 ] Specifically, game definition scripts supercede 
the definition of component call (225) used in the game 

5 execution method for the card shown in Fig. 5 and a 
script interpreter for interpreting and executing the game 
definition scripts is prepared in the processing part of 
the game application program. Separate suits of the 
scripts that are replaceable define different games and 

10 the interpreter practically interprets and executes each 
suit of the scripts. 

[0052] Fig. 6 shows a smart card configuration with a 
game application being installed on the card, the appli- 
cation programmed according to the method in which 
15 game definition scripts are described and executed by 
the Interpreter. Here, again, the shaded portions are 
fixed components of the program that are predeter- 
mined. 

[0053] In this example, game definitions and rights to 
play game are handled as separate entities. In the 
same.manner as for the examples shown in Fig. 1 to 
Fig. 5, the rights to play game (222) and the point data 
(223) are processed by the processor for rights to play 
(213) and the processor for point data (214) in common 
for all types of games. The common process compo- 
nents (224) are predefined and the game definition 
scripts (226) define the algorithm for result judgement 
that differs for each game by describing sequence in 
which these components are to be called. 
[0054] These game definition scripts (226) are re- 
placeable and a processor for exchanging game scripts 
(216) controls loading/unloading the scripts. Despite 
that the strict application issue scheme is prescribed to 
assure the smart card security, it cannot be denied that 
there is a possibility of safety loss due to making game 
exchange in units of game definition scripts possible for 
simple and convenient game exchange. Within the ap- 
plication program, therefore, the following must be 
checked: the game definition scripts to be stored is not 
falsified; the authorized programmer has programmed 
the scripts; and the game application is granted the per- 
mission to store the scripts. Specifically, a particular 
game issue scheme instead of the OS's application is- 
sue scheme must be prepared within the application and 
storing game scripts must be controlled so that safe 
game scripts only will be installed on the card, based on 
this scheme. The processor for exchanging game 
scripts (216) fills this controlling role. 
[0055] The rights to play game (222) are data that de- 
fines how many times the card user can play with what 
type of game and this data is stored into the card when 
the game is issued. When the card receives the com- 
mands for playing a game from the terminal, if the rights 
to play game (222) exist, the script interpreter (215) in- 
terprets and executes the contents of the game defini- 
tion scripts (226) for the game. When the game play fin- 
ishes, the rights to play game (223) decrement by one 
as explained for the fundamental card configuration. 
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The card configured as shown In Fig. 6 can accommo- 
date a plurality of game types by storing game definition 
scripts (226) for each game type into the game applica- 
tion on the card. In addition, under the control of the 
processor for exchanging game scripts (216), a game 
type can be replaced by another game type even after 
the application is loaded into the card. 
[0056] For the smart card example shown in Fig. 7, 
which resembles the example shown in Fig. 6, the data 
on the rights to game play is included in game definition 
scripts. That is, the game definition scripts (226) are pro- 
grammed to include one right to play game (may include 
a plurality of rights to play game, not limited to one 
right) . Once a game has been executed once (or two 
or more times corresponding to a predetermined playa- 
ble game count) described in the game definition scripts, 
control means is required to delete the game scripts so 
that the same scripts will never be executed again there- 
after. The rights to play game and the game definition 
scripts are managed together under a single processor, 
namely a processor for storing game data (217). This 
processor also deletes game scripts that have been ex- 
ecuted completely as well as stores game scripts sent 
from the terminal when the game is issued into the data 
area. Needless to say, the processor for storing game 
data (217) must perform the script safety check as the 
processor for exchanging game scripts (216) shown in 
Fig. 6 does. 

[0057] Fig. 8 shows a game application configured to 
adapt the game execution method for the card shown in 
Fig. 6 for a plurality of issuers of points. The rights to 
play game (222) are stored, each data thereof compris- 
ing a triple of entries: issuer, game ID, and play count. 
Accordingly, points are stored per issuer in the storage 
area for point data (223). When the card receives the 
commands for playing a game sent from the terminal, 
the rights to play the game (222) are checked. For the 
game type for which the rights to play remains, the script 
interpreter (215) executes the game, according to the 
game definition scripts (226). Following the game exe- 
cution, points may be added to the point data (223) for 
the issuer of the game and the rights to play game (222) 
for the issuer of the game that has just been executed 
decrement by one. 

[0058] This method is application of the point system 
concept according to the above-mentioned pervious in- 
vention for which the application for patent was filed (as 
Japanese Patent Application No. Hei 10-307216), 
wherein the point data (223) is retained separately for a 
plurality of issuers, but not unified. In this method, the 
card can accommodate not only a plurality of game 
types, but also a plurality of point service providers. Us- 
ing this method, game service administrators can offer 
shops a game application rental service which would ex- 
pand the potential availability of game applications. 
[0059] With reference to Rg. 9 and Fig. 1 0, now, sys- 
tem operation examples of the game and point system 
using either of the smart cards configured as illustrated 



In Fig. 6 and Fig, 7 will be explained below. In the system 
operation example illustrated in Fig. 9 wherein the smart 
card shown in Fig. 6 is used, game definition scripts and 
rights to play game are separate and game exchange 
5 is assumed to be performed at suitable timing. In the 
system operation example illustrated in Fig. 10 wherein 
the smart card shown in Fig. 7 is used, game definition 
scripts and rights to play game are put together and the 
scripts of a game are invalidated (deleted) wheneverthe 

10 game has been executed completely. 

[0060] Fig. 9 is a diagram illustrating an example of 
the game and point system operation using the smart 
card on which a game application accommodating a plu- 
rality of games is installed. In this example, game defi- 

15 nition scripts and rights to play game are separate. 
[0061 ] A game application program (200) is assumed 
to have been loaded into the smart card (110). The game 
application (200) comprises a command analyzer (211), 
a script interpreter (215), a processor for exchanging 

20 game scripts (21 6), a processor for rights to play (21 3), 
a processor for point data (214), and other components. 
Point data (223) is stored as points managed per issuer 
Company. Rights to play game (222) are also managed 
per issuer and the game type and playable count per 

25 issuer are stored. Game definition scripts (226) are 
game contents defined by describing sequence In which 
the common process components (224) are to be called. 
In fact, the script interpreter (215) interprets the contents 
of the scripts and executes the scripts. The game def i- 

30 nition scripts (226) can be exchanged for new scripts as 
required. 

[0062] The processing procedure for each phase of 
game exchange, game Issue, game play, and exchang- 
ing points for a service will be explained below. 

35 

(Game exchange) 

[0063] From a game maintenance terminal (114) at a 
shop (1 04) or any other place, a command to exchange 

40 game scripts (132) and game definition data (scripts) 
(141) are sent to the smart card (110). Then, once the 
command analyzer (211) has interpreted the received 
command as the command to exchange game scripts 
(1 32), the processor for exchanging game scripts (21 6) 

45 executes the processing of game definition exchange. 
At this time, it must be assured that the game definition 
scripts received from the terminal have been issued 
from the authorized issuer because the scripts can re- 
write the point data. For the assurance thereof, all game 

so definition scripts (1 41 ) issued must include a cipher key 
that authenticates the authorized issuer of the scripts, 
the key encrypted in accordance with the game issue 
scheme predefined within the application. According to 
the cipher key, the processor for exchanging game 

55 scripts (21 6) must perform authentication of the scripts 
ft received. Furthermore, program exchange may be 
necessary on the terminal side when a new game is is- 
sued, because a terminal program appropriate for the 
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new game is required on the game playable terminal 
(111) when the user plays the game. 

(Game issue) 

[0064] According to how much the user paid for shop- 
ping or service at a shop (104) of Company (X), a ter- 
minal at shop (108) sends the smart card (110) a com- 
mand to add the right to play game (133) and right to 
play data (142). The right to play data (142) contains 
information that the user can play with the game (A) 
once and the issuer is Company (X). To assure safety, 
encryption is desirable for this data as well. The com- 
mand analyzer (211) interprets the command and the 
processor for rights to play (213) adds the right to the 
rights to play game data (222). 

(Game play) 

[0065] When the user (113) is playing with a game, 
commands for playing game (1 31 ) are sent to the smart 
card (1 1 0). If the rights to play game (222) exist, the user 
can play the game of the appropriate type. Following the 
game play, the points retained in the point data (223) 
storage may increase, wherein the game result may up- 
date the points for the issuer of the rights to play game 
included in the rights to play game data (222) for the 
game just executed. After the game play, the rights to 
play game (222) decrement by one. To enable game ex- 
ecution, a game executing terminal program appropri- 
ate for the game type within the smart card must exist 
in the game playable terminal (111). 

(Exchanging points for a service) 

[0066] Points accumulated as point data (223) while 
the card user has so far played games can be ex- 
changed for a predetermined service at a shop (104). 
When the card user wants to exchange points for a serv- 
ice, a command to calculate points (134) is sent to the 
smart card (1 1 0) from a terminal at shop (1 08) (that may 
be the same as the terminal from which rights to play 
game are Issued or different from such terminal). The 
command analyzer (214) passes the processing control 
to the processor for point data (214) and the processor 
for point data (21 4) executes subtraction of points. If the 
shop (1 04) from where the command was sent belongs 
to Company (X), only the points issued by the Company 
(X) can be exchanged for a service. 
[0067] In the system operation scheme illustrated in 
Fig. 9, the user can play games of as many types as the 
number of the suits of game definition scripts (226) (of 
course, only if the rights to play game exist in the card). 
By replacing game definition scripts (226) with new 
scripts as required, the game application (200) can con- 
tinue to offer a new game without being replaced. 
[0068] Fig. 1 0 is a diagram illustrating another exam- 
ple of the game and point system operation using the 



smart card on which a game application accommodat- 
ing a plurality of games is installed. In this example, 
game definition scripts and rights to play game are uni- 
fied. As is the case with the system operation example 

5 in Fig. 9, it is assumed that a game application program 
(200) have been loaded into the smart card (110). The 
game application (200) comprises a command analyzer 
(211), a script interpreter (215), a processor for storing 
game data (217), a processor for point data (214), and 

io other components. Point data (223) is stored as points 
managed per issuer Company. Difference from the ex- 
ample in Fig. 9 is that game data (227) is stored, each 
data comprising a pair of game definition scripts and is- 
suer information. Similarly, the script interpreter (215) 

15 executes game definition scripts by interpreting the con- 
tents of the scripts. A suit of scripts can be regarded as 
one right of the user to play game. Game execution may 
rewrite only the point data (223) for the issuer of the 
game. Once the game has finished, the suit of the game 

20 scripts is invalidated by deleting it so as not to be exe- 
cuted again. 

[0069] Forthis example, the processing procedure for 
each phase of game issue, game play, and exchanging 
points for a service will be explained below. 

25 

(Game issue) 

[0070] According to how much the user paid for shop- 
ping or service at a shop (104) of Company (X), a ter- 

30 minal at shop (108) sends the smart card (110) a com- 
mand to store game scripts issued (135) and game data 
(143) containing game definition scripts and issuer. To 
assure safety, a cipher key that authenticates the au- 
thorized issuer of the scripts, encrypted in accordance 

35 with the predefined scheme, must be attached to the 
game data (143). According to the cipher key, the proc- 
essor for storing game data (21 7) must perform authen- 
tication of the scripts it received. Furthermore, program 
exchange may be necessary on the terminal side when 

40 a new game is issued, because a terminer program ap- 
propriate for the new game Is required on the game play- 
able terminal (111) when the user plays the game. 

(Game play) 

45 

[0071] When the user (113) is playing with a game, 
commands for playing game (1 31 ) are sent to the smart 
card (110). At this time, if the game data (227) exists, 
the user can play the game described in the game def- 

50 inition scripts. Following the game play, the points re- 
tained in the point data (223) storage may increase, 
wherein the game result may increase the points for the 
issuer included in the game data (222) for the game just 
executed. Afterthe game play, the game data (227), the 

55 scripts of the game are erased so as not to be executed 
again. To enable game execution, a game executing ter- 
minal program appropriate for the game type within the 
smart card must exist in the game playable terminal 
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(111). 

(Exchanging points for a service) 

[0072] Points accumulated as point data (223) while 
the card user has so far played games can be ex- 
changed for a predetermined service at a shop (104). 
When the card user wants to exchange points for a serv- 
ice, a command to calculate points (134) is sent to the 
smart card (1 1 0) from a terminal at shop (1 08) (that may 
be the same as the terminal from which rights to play 
game are issued or different from such terminal). The 
command analyzer (214) passes the processing control 
to the processor for point data (214) and the processor 
for point data (21 4) executes subtraction of points. If the 
shop (104) from where the command was sent belongs 
to Company (X), only the points issued by the Company 
(X) can be exchanged for a service. 
[0073] In the system operation scheme illustrated in 
Fig. 10, because every game data (227) includes game 
definition scripts, there may exist duplicated suits of 
scripts in the card if a plurality of same type games are 
stored, which may be considered inefficient. However, 
the flexibility of game type selection increases as com- 
pared with the example illustrated in Fig. 9 wherein 
game definition scripts are replaced by new scripts as 
required. Because issuing the right to play game means 
issuing a new game, the game application (200) can 
continue to offer a new game without being replaced. 
Whenever a new type game is developed, however, the 
associated program for playing the game on the terminal 
needs change. In a situation where game playable ter- 
minals are distributed, updating the programs on the ter- 
minals is likely to be time-consuming work. 
[0074] Next, the flow of processing of the script inter- 
preter will be explained with reference to Fig. 11 . In the 
game definition data (300) area, parameters (301), 
rights to play (302), and scripts description (303) are 
stored. Separate from the game data, point data (308) 
exists. 

[0075] The script interpreter has a program counter 
(304) as a local variable and work arrays (305) and is 
able to read a command parameter (306) sent from the 
terminal and rewrite a response parameter (307) to be 
returned to the terminal. 

[0076] When a command is sent to the smart card 
from the terminal, the script interpreter receives and an- 
alyzes the command from the terminal (311), and se- 
lects the specified game type (i.e., it calls the specified 
game definition scripts) (312). At this time, the interpret- 
er stores a parameter included in the received command 
as the command parameter (306). 
[0077] The interpreter resets (31 3) the program coun- 
ter (304) and begins to execute the game scripts. The 
interpreter executes in order the scripts described in the 
scripts description (303) part; it basically increments the 
program counter one by one (314) while analyzes the 
scripts in order (315) and calls appropriate common 



process components, thereby executing the scripts. If 
the interpreter encounters a "wait for command" script, 
it immediately returns the response to the terminal and 
awaits the next command reception (316). If the inter- 

5 preter encounters an "end" script, it returns the re- 
sponse to the terminal and exits from the script execu- 
tion process (317). If the interpreter encounters a script 
In which a jump or a branch Is specified, it resets the 
program counter to the jump address and proceeds to 

io analyzing the next script (31 8). If the interpreter encoun- 
ters any other script, it calls the appropriate common 
process component associated with the script and ac- 
tually executes the script (319), and returns to the step 
of incrementing the program counter by one (31 4). Dur- 

w ing the script execution (319), the interpreter reads a 
value of command parameter (306) while updates a val- 
ue in the work arrays (31 9) and a value of response pa- 
rameter (308). By continuing this processing, the game 
application is run. 

20 [0078] Fig. 12 Illustrates an example of scripts de-* 
scribed in a language to call common process compo- 
nents. Here, array [ ] is one of the work arrays (305), 
cmd [ ] denotes a command parameter (306), and rsp 
[ ] denotes a response parameter (307). Each script is 

25 to call one common process component and fills the role 
of running the application program. Up to three param- 
eters are assigned to one script. 
[0079] In this example, scripts are described in a likely 
usual programming language to facilitate understand- 

30 ing. Considering that the scripts are executed on the 
smart card with small storage capacity, a more special- 
ized language may be suitable for describing the scripts 
limited to game application (for example, representation 
in byte strings, each byte consisting of fewer bits) . A 

35 method may be used in which any compiling means is 
prepared on the terminal side from which scripts are is- 
sued to translate scripts into those represented in byte 
strings and the translated scripts are issued. 
[0080] With reference to Figs. 13 through 19, exam- 

40 pies of three types of games that the program applica- 
tion can offer will be given below, wherein game defini- 
tions are represented by using the scripts defined in Fig. 
12. 

[0081 ] Fig. 1 3 shows examples of slot machine game 
45 play screens appearing on the game playable terminal, 
wherein three boxes (corresponds to three random 
numbers) are shown and a range of settable values for 
a random number represented in one box is 0 to 2. The 
values settable in each box correspond to three fruit 
50 symbols: "1" for an apple symbol, "2" for a Japanese 
orange symbol, and "3" for a banana symbol. 
[0082] The game begins with screen (a) . The current 
points (401) and remaining games (402) that the user 
can play are shown and values in three boxes (405) are 
55 not fixed yet with the reels rotating on the screen as de- 
picted. The user pushes three "Push" buttons (406) one 
by one. By each button push, a command to generate 
a random number is sent to the card and the symbol 
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corresponding to a fixed value of the random number Is 
displayed in the box. 

[0083] Screen (b) is an example screen after the first 
user choice by the "Push" button, A random number of 
"CP is assumed generated in the card and the apple sym- 5 
bol is displayed in the corresponding box. This is repeat- 
ed three times. 

[0084] Screen (c) is an example screen after the third 
user choice by the "Push" button, when one game is 
over (the user wins). Because of matching of the sym- 
bols in the three boxes, a message (403) appears, indi- 
cating that the game result is "you win" and "1 00" points 
the user gained at the game are added to the points. 
The points increase accordingly. 
[0085] Screen (d) is another example screen after the 
third user choice by the "Push" button, when one game 
is over (the user loses) . Because of mismatching of the 
symbols In the three boxes, a message (404) appears, 
indicating that "you lose" and no points are added. 
[0086] Fig. 14 shows the scripts description example 
for the slot machine game shown in Fig. 13, described 
by using the scripts in Fig. 12. The game is represented 
in 18 lines of scripts, lines 00 to 11 (binary). 
Lines 00 to 02: To be called upon the first "Push" button 
push. One random number is generated and stored into 
a work array and the fixed value of the random number 
is returned. To return the operation result to the terminal, 
a "Return" script is defined. 

Lines 03 to 05: To be called upon the second "Push" 
button push. One random number is generated and 
stored into a work array and the fixed value of the ran- 
dom number is returned. Lines 06 to 08: To be called 
upon the third "Push" button push. One random number 
is generated and stored into a work array. A value to 
indicate "the last" is placed in the response and the 
processing proceeds to result judgment. Lines 09 to 11 : 
Result judgment. It the stored values of three random 
numbers all match, predetermined points are added to 
the current points. Finally, the result is returned to the 
terminal and the processing terminates. 
[0087] Fig. 1 5 shows examples of roulette game play 
screens appearing on the game playable terminal, 
wherein the win probability is one third and the user is 
given three betting chances. Three possible values of 
random numbers correspond to "A," "B," and "C. n Illus- 
tration in color might be easier to see, though not be 
presented here. 

[0088] Screen (a) is the initial screen. The current 
points (401) and remaining games (402) that the user 
can play are shown. To begin the game, choose one of 
betting places (407) A," "B," and "C" before the roulette 
(408) rotates. 

[0089] Screen (b) is a screen that appears, following 
the game start. Here, the user is assumed to have cho- 
sen "B" out of the betting places (407) and a bullet is 
placed in the B box. Score (41 0) and remaining chances 
(41 1 ) are shown. Because the user is given three betting 
chances for this game, "3" is shown as the remaining 



chances (411). When the roulette starts to run as the 
user pushes the "Start" button (409), the remaining 
chances (411) decrement by one. 
[0090] Screen (c) is a screen wherein the roulette 
(408) is rotating (this state appears on the screen, while 
the program on the card side waits for command input) . 
When the user pushes the "Stop" button (to stop the rou- 
lette running) (406), the associated command is issued 
to the smart card. 

[0091] Screen (d) is a screen when one roulette run 
is over. According to the value of the random number 
generated in the card, that is, if there is a match between 
the bet place you chose and the value, a "You Win" (403) 
message appears and the score increases. 
[0092] Screen (e) is a screen when one roulette run 
Is over and you lose. A "You lose" (404) message ap- 
pears and the score does not increase. 
[0093] One game ends with screen (f) after three rou- 
lette runs with a random number generated. A "GAME 
OVER" message and the score count are displayed 
(412). 

[0094] Fig. 1 6 shows the scripts description example 
for the roulette game shown in Fig. 15, described by us- 
ing the scripts in Fig. 12. The game is represented in 27 
lines of scripts, lines 00 to la (binary). 
Lines 00 to 05: To be called upon the first "Stop" button 
push. The user-input value received as a command pa- 
rameter is stored into a work array and compared with 
a random number generated and the result of compar- 
ison is stored into another array. The comparison result 
and the value of the random number are returned to the 
terminal. 

Lines 06 to 0b: To be called upon the second "Stop" but- 
ton push. The user-input value received as a command 
parameter is stored into a work array and compared with 
a random number generated and the result of compar- 
ison is stored into another array. The comparison result 
and the value of the random number are returned to the 
terminal. Lines 0c to 10: To be called upon the third 
"Stop" button push. The user-input value received as a 
command parameter is stored into a work array and 
compared with a random number generated and the re- 
sult of comparison is stored into another array. 
Lines 11 to la: Result judgment. According to the three 
comparison results, points are added to the current 
points. Finally, the result is returned to the terminal and 
the processing terminates. 

[0095] Fig. 1 7 shows examples of shooting game play 
screens, wherein five boxes appear and the user is giv- 
en five chances to play. The user clicks at one of the 
boxes to hit the target that moves at random, appearing 
in any box a second. If the target appears in the box at 
which the user clicked, the user wins. Clicking can be 
repeated five times. 

[0096] Screen (a) is the initial screen. The current 
points (401) and remaining games (402) that the user 
can play are shown. To begin the game, click the "Start" 
button (409). 
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[0097] Screen (b) is a screen before the user clicks at 
a box on the screen. In any of the five boxes (405), the 
target symbol (413) appears at random. The target po- 
sition changes, according to the value of the random 
number that is generated per second. In the screen, the 5 
current game score (410) and remaining chances (411) 
to play are displayed. 

[0098] Screen (c) is a screen when the user clicks at 
a box on the screen. In this case, because the target 
appears in the box that the user has chosen, a "click - io 
hit" (414) message appears and 10 points are added to 
the score. 

[0099] Screen (d) is another screen when the user 
clicks at a box on the screen, if the box that the user has 
chosen differs from the box where the target appears, a w 
"click - lose" (415) message appears. 
[0100] The game ends with screen (e). When the user 
finishes using five play chances, a "GAME OVER" mes- 
sage and the score count are displayed (412). if the 
count of the remaining games (402) is other than 0, a 20 
new "Start" button (409) appears. 
[0101] Fig. 18 illustrates the procedure of processing 
between the terminal (120) side and the card (110) side 
regarding the shooting game shown in Fig. 17. In this 
procedure that is the same for other programs on the 25 
smart card, basically, the terminal (120) sends the card 
a command and a parameter and the card (110) exe- 
cutes processing in accordance with the received com- 
mand and returns a response to the card. Because the 
smart card on which the current version of MULTOS and 30 
other OSs is installed does not have a built-in clock (the 
operation on the card side is triggered by command re- 
ception from the terminal), a request for generating a 
random number must be sent per second from the ter- 
minal in order that the card generates a random number 35 
a second to update the screen. 
[0102] First, the terminal (120) sends a command (pa- 
rameter = 0) (321) that requests the card to generate a 
random number. 

[0103] The card (110) receives the command (331), 40 
generates a random number in the value range corre- 
sponding to the number of boxes, assigns the random 
number to variable R (332), and sends a response with 
parameter = R back to the terminal (333). The terminal 
receives the response and updates the screen (322), *s 
according to the value of R. Based on a one-second tim- 
er (323), the above command- response process (from 
sending a command 321 until screen update 322) is re- 
peated at intervals of one second. 

[01 04] When an input from the user (clicking at a box) so 
occurs, the box number that the user has chosen is as- 
signed to variable D (324) and the terminal sends a com- 
mand with parameter = D (321). The card receives the 
command (331) and compares the last generated ran- 
dom number R that has been stored with the received 55 
box number D (334). If a hit is found by this comparison, 
points are added and the result of the comparison is re- 
turned to the terminal (335). The terminal receives the 



result and shows the result on the screen (412). The 
above process is repeated by the number of chances to 
play (five times in the example shown in Fig. 1 7). 
[0105] Fig. 19 shows the scripts description example 
for the shooting game illustrated in Figs. 17 and 18, de- 
scribed by using the scripts in Fig. 12. If the command 
parameter is "0." a random number is generated. Unless 
that, the user input is compared with the value of the last 
generated random number. Unlike the preceding exam- 
ples of game scripts, this example of scripts includes a 
ioop. 

Lines 00 to 02: Work arrays are initialized. 

Line 03: The beginning of loop 

Line 04: Branching occurs, according to the value of the 

command parameter. 

Lines 05 to Od: When a value other than D 0" is given as 
the command parameter, the user-input value is com- 
pared with the value of the random number and the re- 
sult of comparison is stored. The loop counter incre- 
ments by one. Unless the loop counter indicates the last 
time, the result of the comparison is returned to the ter- 
minal. After passing the processing control to the termi- 
nal, next time it returns, the processing returns to the 
beginning of loop (line 03). Lines Oe to 1 1 : Following the 
last loop execution, points are added to the point count, 
based on the stored results of comparison. 
Lines 12 to 16: If the command is a dummy, a random 
number is generated and returned to the terminal. The 
processing returns to the beginning of loop. 
By repeating the above, the processing illustrated in Fig. 
18 can be implemented. 

[0106] As described above, by using the scripts given 
in Fig. 12, a plurality of types of games, such as three 
ones given as examples, can be defined. The foregoing 
three game scripts are examples and many types of 
games can be defined by describing the processes of 
generating a random number and comparing the ran- 
dom number with the input from the user in combination. 
The script interpreter executes these games defined in 
script descriptions as illustrated in Fig. 11, so that one 
application program can offer a plurality of types of 
games that can be selectively executed. 
[0107] Although the above explanation discussed a 
game application program and its operation enabling a 
plurality of types of games to run on the smart card, this 
method can be applied to applications other than 
games. The present invention can be applied to appli- 
cation software for: e.g., a questionnaire system thatthe 
user can get points by answering questionnaires, which 
are updated after answered, shown on the screen; and 
an advertisement system that the user can get points by 
reading a specific advertisement. Such application gen- 
erates value such as points in response to user opera- 
tion and controls the contents so that the same suit of 
scripts will never be executed again. For this purpose, 
questionnaire answer logs and advertisement reading 
logs for each user must be stored in the card and control 
is required to prevent same scripts of questionnaire or 
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advertisement from being loaded into the card a plurality 
of times. For game scripts, once a suit of scripts has 
been executed, it is deleted or the rights to play game 
decrement by one, which is only required for script man- 
agement. For questionnaire scripts, additional require- 5 
ment is that the shop side collects the answer data. 
[0108] Fig. 20 shows a questionnaire system opera- 
tion example to which the present invention is applied. 
This example is essentially similar to the game system 
operation example illustrated in Fig. 10, except that the 
questionnaire answer data is collected. 
[0109] A questionnaire application (500) is assumed 
to have been loaded into the smart card (110). This 
questionnaire application (500) comprises a command 
analyzer (21 1 ), a script interpreter (21 5), a processor for 
storing scripts of questionnaire (503), a processor for 
point data (214), and other components. Questionnaire 
data (501) is stored, each data thereof comprising a tri- 
ple of entries: questionnaire scripts, issuer, and answer 
data. The answer data entry is blank before the user an- 
swers the questionnaire that is currently presented. 
When the user answers the questionnaire, the answer 
data is stored into place. This answer data entry also 
fills the role of a flag to indicate whether the user has 
answered the questionnaire. When this entry contains 
data, the same suit of questionnaire scripts cannot be 
executed again. Logs of answers to questionnaires are 
stored as the answer log (502) data to control script 
loading so that any questionnaire once answered will 
never be loaded again. As is the case in Fig. 9 and Fig. 
1 0, point data (223) is stored as points managed per 
issuer Company. 

[01 10] At a shop (1 04) of Company (X), a terminal at 
shop (108) sends the smart card (110) a command to 
store questionnaire issued (506) and questionnaire data 
(507) containing questionnaire definition scripts and is- 
suer. As is the case with game scripts, this data must 
be assured that it has been issued from the authorized 
issuer. For this purpose, a cipher key that authenticates 
the authorized issuer of the scripts, the key encrypted 
in accordance with the predefined scheme, must be at- 
tached to the questionnaire data. According to the ci- 
pher key, the processor for storing scripts of question- 
naire (503) must perform authentication of the scripts It 
received. The processor for storing scripts of question- 
naire (503) also checks to see whether the question- 
naire data (507) it received has been answered by re- 
ferring to the answer log (502) database, thereby per- 
forming the function of control over scripts to prevent 
answered questionnaire scripts from being stored into 
the questionnaire data (501) database. 
[0111] When the user (113) answers a questionnaire 
at the user terminal (509), commands for answering 
(505) are sent to the smart card (110). If the question- 
naire data (501) exists, the user can answer the ques- 
tionnaire described in the questionnaire definition 
scripts. The questionnaire contents, not only requesting 
the user to answer straightforwardly, are elaborated so 



that the user can select the detail level of answer and 
the next questionnaire contents will change, according 
to the answer to the preceding one. Once the user has 
answered the questionnaire, points weighted in accord- 
ance with the answer are added to the point data (223) 
for the issuer of the questionnaire and the answer data 
is added to the questionnaire data (501) database in 
place coupled with the scripts. The questionnaire data 
(501 ) complete with the scripts and the answer data can- 
not be answered again. Adding answer data to the an- 
swered questionnaire data (501) is, in other words in- 
validating the questionnaire data. 
[0112] When points are exchanged for a service at a 
terminal at shop (108) or the next questionnaire of the 
same issuer is issued, the answer data to the previously 
answered questionnaires must be collected. Because 
the answered questionnaire scripts coupled with answer 
data are retained in the invalid state, the questionnaire 
data (501) overflow is likely to occur if answer data is 
accumulated without being collected. Thus, collecting 
answer data at suitable timing is required. When a re- 
quest for collecting answer data is issued to the card, 
the processor for collecting answer (504) encrypts an- 
swer data and returns it to the terminal (108). At the 
same time, the above processor erases the question- 
naire data (501 ) for the scripts for which the answer data 
is lost and adds tog information for the lost answer data 
to the answer log (502) database. 
[0113] In the way described above, the application of 
the present invention can be expanded to cover the 
questionnaire system, not only applicable to games. 
Furthermore, the invention can be applied to the adver- 
tisement reading system in a similar way. 
[0114] How the present invention which can be pref- 
erably embodied as explained above produces effects 
will be described In detail for each of the six major enti- 
ties of the invention, specified in the section of "Means 
for Solving the Problems." 

[0115] On the smart card that can be embodied as a 
preferred embodiment of the present invention with 

(1 ) An application program comprising the following 
elements: 

a) Game executing components 

b) Storage for game definition scripts 

c) Script interpreter 

d) Storage and processor for point data 

e) Storage and processor for rights to play 
game 

f) Command analyzer 

One application program installed on the smart card 
can offer a plurality of types of games that can be 
selectively executed. 
In addition, 

(2) Processor for storing game definition scripts 
The processor enables the introduction of a new 
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type of game in any time even after the game ap- 
plication program is loaded into the smart card with- 
out being accompanied by application program ex- 
change. Consequently, a more flexible game sys- 
tem can be provided. s 

The above processor controls storing game 
scripts, based on the game issue scheme pre- 
scribed in the application program, so that the 
processing parts of the application program can be 
changed in safety. This means the release from 
troublesome and time-consuming tasks accompa- 
nied by meeting the application issue scheme pre- 
scribed in the card OS. 

Once the game application program for execut- 
ing common processes has been loaded into smart 
cards on which different OSs are installed, such as 
"MULTOS" and "Java Card," programmers can pro- 
gram new games that are compatible on these 
cards without caring about the difference between 
the OSs. 

(3) Function of point management per issuer ena- 
bles the management of a plurality of types of 
games that are issued from a plurality of different 
issuers within one application. Consequently, a 
game system that is used more widely can be pro- 
vided. 

On the terminal device for operating with the 
smart card in question 

(4) Function of issuing a game 
(6) Function of calculating points - 
These functions make it possible that a plurality of 
types of games are issued to the smart card without 
being accompanied by game application program 
exchange and a flexible game system including 
point management is operated in safety. 

Equipped with the user interface for playing 
games 

(5) Function of executing a game 
The function allows the user to enjoy playing with a 
game while the user can get points. 

[01 1 6] According to the present invention that can be 
preferably embodied as described herein, therefore, 
game applications for more flexible use can be intro- 
duced into a smart card system in safety. Increase of 
points linked with game results motivates the user to use 
the card more often and is effective for getting more cus- 
tomers from the viewpoint of the application provider. 
Furthermore, the present invention is significantly useful 
for making smart card systems popular. 
[0117] Noticeable features of the present invention 
are the introduction of game definition scripts and a 
script interpreter and the method of control over storing 
scripts, based on the game issue scheme prescribed in 
the application program installed on the card. The in- 
vention provides a script loading/unloading method in 
which the contents of only the part for processing that 
is dependent on user input in a program, not limited to 



game application, is replaced by new contents without 
being accompanied by program exchange. This script 
loading/unloading method enables the development of 
more flexible and convenient smart card applications, 
which is released from platform restrictions. 
[0118] The present invent makes it possible to replace 
game scripts in a program installed on a smart card by 
new game scripts without being accompanied by pro- 
gram exchange. 

[01 1 9] Technical items in connection with the present 
invention are listed below. 

1 . An application program that can run under an op- 
erating system (OS) installed on a smart card fur- 
nished with a storage means and an input/output 
interface and includes an interpreter for interpreting 
and executing scripts described to define the run 
procedure of the application program. 

2. The application program described in item 1, 
wherein the smart card Includes point data storage 
for storing points the card user gained, the count of 
which may be updated by the result of program ex- 
ecution in accordance with the run procedure de- 
fined in scripts. 

3. The application program described in item 1, 
wherein processing defined in scripts can generate 
different results, according to the input by the user 
of the smart card and the timing of execution there- 
of, and the user cannot predict the result of process- 
ing in advance. 

4. The application program described in item 1 , in- 
cluding a function that, following the execution of 
processing defined in scripts, invalidates those 
scripts and sets the processing impossible to do. 

5. The application program described in item 1 , in- 
cluding storage for rights to execute that stores the 
rights to execute scripts, defining the maximum 
number of times the processing defined in scripts 
can be executed, and a function that, immediately 
following the execution of processing defined in 
scripts, decrements the count of the rights to exe- 
cute those scripts by one. 

6. The application program described in item 1 , con- 
figured such that scripts can be stored into the stor- 
age means through the input/output interface after 
the application program is loaded. 

7. The application program described in item 1 , in- 
cluding an authentication handler that performs a 
predetermined authentication procedure to assure 
that valid scripts, free of falsity, are stored when 
scripts are stored into the storage means through 
the input/output interface after the application pro- 
gram is loaded. 

8. The application program described in item 2, in- 
cluding a function that adds up points per script is- 
suer, attaches the identifier of issuer to the scripts 
or the rights to execute scripts, and just after 
processing defined in scripts is executed, updates 
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only the points associated with the issuer of the 
scripts, according to the result of the processing. 

9. A storage medium holding an application pro- 
gram that can run under an operating system (OS) 
installed on a smart card furnished with a storage 
means and an input/output interface and includes 
an interpreter for interpreting and executing scripts 
described to define the run procedure of the appli- 
cation program. 

1 0. The storage medium described in item 9, where- 
in the smart card includes point data storage for 
storing points the card user gained, the count of 
which may be updated by the result of program ex- 
ecution in accordance with the run procedure de- 
fined in scripts. 

1 1 . The storage medium described In item 9, where- 
in processing defined in scripts can generate differ- 
ent results, according to the input by the user of the 
smart card and the timing of execution thereof, and 
the user cannot predict the result of processing in 
advance. 

1 2. The storage medium described in item 9, includ- 
ing a function that, following the execution of 
processing defined in scripts, invalidates those 
scripts and sets the processing impossible to do. 

1 3. The storage medium described in item 9, Includ- 
ing storage for rights to execute that stores the 
rights to execute scripts, defining the maximum 
number of times the processing defined in scripts 
can be executed, and a function that, immediately 
following the execution of processing defined in 
scripts, decrements the count of the rights to exe- 
cute those scripts by one. 

14. The storage medium described in item 9, con- 
figured such that scripts can be stored into the stor- 
age means through the input/output interface after 
the application program is loaded. 

1 5. The storage medium described in item 9, Includ- 
ing an authentication handler that performs a pre- 
determined authentication procedure to assure that 
valid scripts, free of falsity, are stored when scripts 
are stored into the storage means through the input/ 
output interface after the application program is 
loaded. 

16. The storage medium described in item 10, in- 
cluding a function that adds up points per script is- 
suer, attaches the identifier of issuer to the scripts 
or the rights to execute scripts, and just after 
processing defined in scripts is executed; updates 
only the points associated with the issuer of the 
scripts, according to the result of the processing. 

17. A terminal device capable of operating with a 
smart card furnished with a storage means and an 
input/output interface, including a means to load an 
application program that can run under an operating 
system (OS) installed on the smart card and in- 
cludes an interpreter for interpreting and executing 
scripts described to define the run procedure of the 



application program into the smart card via the in- 
put/output interface. 

18. A terminal device capable of operating with a 
smart card furnished with a storage means and an 

5 input/output interface, including a means to load 
scripts as part of an application program from out- 
side via the input/output interface into the smart 
card wherein the application program that can run 
under an operating system (OS) installed on the 

io smart card and includes an interpreter for interpret- 
ing and executing scripts described to define the run 
procedure of the application program is stored, in 
the storage means. 

is [0120} As many apparently widely different embodi- 
ments of this invention may be made without departing 
from the spirit and scope thereof, it is to be understood 
that the invention is not limited to the specific embodi- 
ments thereof except as defined in the appended 

20 claims. 
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A method of loading an application program into a 
smart card furnished with a storage means and an 
input/output interface, whereby the application pro- 
gram that can run under an operating system (OS) 
installed on the smart card and includes an inter- 
preter for interpreting and executing scripts de- 
scribed to define the run procedure of the applica- 
tion program is loaded from outside via the input/ 
output interface into the smart card. 



35 2. The method of loading an application program into 
a smart card according to claim 1 , wherein the ap- 
plication program is configured such that common 
process components as a set of a plurality of 
processing modules each of which outputs a given 

to result in response to a given command are pack- 
aged inside the program in order that the process- 
ing modules in the common process components 
are selectively called when the scripts are interpret- 
ed and executed. 

45 

3. The method of loading an application program into 
a smart card according to claim 1, wherein the 
scripts are installed into the smart card after the ap- 
plication program is installed into the smart card. 

50 

4. The method of loading an application program Into 
a smart card according to claim 1, wherein the 
scripts are stored Into the storage means through 
the Input/output interface after the application pro- 

55 gram is loaded. 

5. The method of loading an application program into 
a smart card according to claim 1 , wherein a first 
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script Is installed into the smart card after the appli- 
cation program is installed into the smart card and 
a second script that is different type from the first 
script is installed into the smart card. 

5 

6. The method of loading an application program into 
a smart card according to claim 1 , wherein process- 
ing defined in the scripts can generate different re- 
sults, according to the input by the user of the smart 
card and the timing of execution thereof, and the 10 
user cannot predict the result of processing In ad- 
vance. 

7. The method of loading an application program into 

a smart card according to claim 1 , including a proc- 15 
ess that, following the execution of processing de- 
fined in the scripts, invalidates those scripts and 
makes the processing impossible to do. 

8. The method of loading an application program into 20 
a smart card according to claim 1 , Including storage 

for rights to execute that stores the rights to execute 
scripts, defining the maximum number of times the 
processing defined in the scripts can be executed, 
and a function that, immediately following the exe- 25 
cutlon of processing defined in the scripts, decre- 
ments the count of the rights to execute those 
scripts by one. 

9. The method of loading an application program into 30 
a smart card according to claim 1 , wherein a prede- 
termined authentication procedure is carried out to 
assure that valid scripts, free of falsity, are stored 
when the scripts are stored into the storage means 
through the input/output interface after the applica- 35 
tion program is loaded. 

10. The method of loading an application program into 
a smart card according to claim 1, wherein the 
scripts define a game and by the execution of a suit *o 
of scripts by using the smart card on which the script 
suit has been installed, the game defined in the 
script suit can be executed. 

1 1 . The method of loading an application program into 45 
a smart card according to claim 1, wherein the 
scripts define a game, points may be added, ac- 
cording to the result of executing the game, and the 
accumulated points are retained in the smart card. 

50 

12. The method of loading an application program into 
a smart card according to claim 1, wherein the 
scripts define a game, the game can be executed 
only if rights to play with the game are given to the 
card user, and the rights to play define what number 55 
of times a type of game can be executed and are 
stored into the smart card when the game is issued. 



13. The method of loading an application program into 
a smart card according to claim 1 1 , wherein data of 
the rights to play game may be stored separately 
from the scripts or the right(s) to play game may be 
included in the game scripts; in the latter case, the 
right(s) to play will be lost, following the execution 
of the game. 

14. The method of loading an application program into 
a smart card according to claim 1 1 , wherein the data 
of rights to play game includes the script issuer that 
offers the point service, the type of game playable, 
and the count of games that the user can play with 
that game. 

15. The method of loading an application program into 
a smart card according to claim 11, wherein the 
point data is stored per script issuer that offers the 
point service. 

16. A method of loading scripts into a smart card fur- 
nished with a storage means and an input/output 
interface, whereby the scripts are loaded as part of 
an application program from outside via the input/ 
output interface into the smart card wherein the ap- 
plication program that can run under an operating 
system (OS) installed oh the smart card and in- 
cludes an Interpreter for interpreting and executing 
scripts described to define the run procedure of the 
application program is stored in the storage means. 

17. A smart card furnished with a storage means and 
an input/output interface, holding an application 
program that can run under an operating system 
(OS) installed on the smart card, includes an inter- 
preter for interpreting and executing scripts de- 
scribed to define the run procedure of the applica- 
tion program, and is loaded from outside via the in- 
put/output interface into the smart card. 
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FIG. 12 

arrayfl: work array (305) 

cmdfl : command parameter (306) 

rspO : response parameter (307) 

[store data] 

set (a, b) Store value b into array[a] 

random (a, b) Generate a random number (0 to b) and store it into array[a] 

getcmd (a, b) Store value of cmd[b] into arrayfa] 

setrspa (a, b) Store the contents of arrayfa] into rsp[b] 

setrspv (a, b) Store value a into rsp[b] 

getcmda (a, b) Store the contents of array[(cmdlb])] into array[a] 

[addition/subtraction and compare] 

adda (a, b, c) Add the contents of array[b] and the contents of array[c] and 

store the result into array(a] 
suba (a, b, c) Subtract the contents of arrayfc] from the contents of array[b] 

and store the result into array[a] 
cmpa (a, b, c) Compare array[b] and array[c] contents and store the result 

into arrayfa] 

(0x00: equal, 0x01 : yy>zz, 0x02: yy<zz) 
addv (a, b, c) Add the contents of arrayfb] and the value of c and store the 
result into arrayfa] 

subv (a, b, c) Subtract the value of c from the contents of arrayfb] and store 

the result into arrayfa] 
cmpv (a, b, c) Compare the contents of arrayfb] and the value of c and 

store the result into anayfa] 

(0x00: equal, 0x01: yy>zz, 0x02: yy<zz) 

Qump, branch] 

jmp (a) Jump to line a 

eq (a, b, c) Jump to line c if the contents of array[a]= the value of b 
ne (a, b, c) Jump to line c if the contents of arrayfa]* the value of b 
[point calculation] 

pointa (a) Add the contents of arrayfa] to point data 
pointv (a) Add value a to point data 
[return response to terminal] 

return Return rspQ as response data, and wait for next command 

end Return rspQ as response data, and exit from game scn'pt 

execution 
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LINE 


SCRIPTS 


COMMENT 


AA 

00 


random (0,2) 


Store a random number (0 to 2) into array[0J 


A<4 

01 


setrspa (0,0) 


Store the contents of arrayfO] into rsp[0] 


02 


return 


Return response, and wait for command 


03 


random (1,2) 


Store a random number (0 to 2) into array[1J 


04 


setrspa (1,0) 


Store the contents of array[1] to rsp[0] 


05 


return 


Return response, and wait for command 


! 06 


random (2,2) 


Store a random number (0 to 2) into array[2] 


07 


setrspa (2, 0) 


Store the contents of array[2] into rsp[0] 


08 


setrspv (1,1) 


Store a value of 1 (to indicate the lost) into rsp[1] 


09 


cmpa (3,0, 1) 


Compare array[0] and array[1] contents and store 






the result into array[3] 


0a 


cmpa (4, 0, 2) 


Compare array[0] and array[2] contents and store 






the result into array|4] 


Ob 


eq (3, 0, Od) 


Jump to line 0x0d if array[3] contains 0 


0c 


end 


Return response, and exit 


Od 


eq (4,0, Of) 


Jump to line OxOf if array[4] contains 0 


Oe 


end 


Return response, and exit 


Of 


pointa (50) 


Add 50 to point data 


10 


setrspv (2, 50) 


Store 50 (points won at this game) into rsp[2] 


11 


end 


Return response, and exit 
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LINE 


SCRIPT 


00 


getcmd (0,0) 


01 


random (1,2) 


02 


cmpa (2,0, 1) 


03 


setrspa (1,0) 


04 


setrspa (2, 1) 


05 


return 


06 


getcmd (0.0) 


07 


random (1,2) 


08 


cmpa (3. 0, 1 ) 


09 


setrspa (1,0) 


0a 


setrspa (2, 1) 


Ob 


return 


Oc 


getcmd (0,0) 


Od 


random (1,2) 


Oe 


cmpa (4,0, 1) 


Of 


setrspa (1,0) 


10 


setrspa (2, 1) 


11 


setrspv (1,2) 


12 


ne (2, 0 14) 


13 


set (5, 20) 


14 


ne (3,0,16) 


15 


addv (5, 5, 20) 


16 


ne (4,0,16) 


17 


addv (5, 5, 20) 


18 


pointv (5) 


19 


setrspa (5, 2) 


1a 


end 



COMMENT 

Store the value of cmd[0] into array(O) 

Store a random number (0 to 2) into array[1] 

Compare array[0] and array[1] contents and store 

the result into array[2] 

Store the contents of array[1] into rsp[0] 

Store the contents of array(2] into rsp[1] 

Return response, and wait for command 

Store the value of cmd[0] into array[0] 

Store a random number (0 to 2) into array[1] 

Compare array[0] and array(1] contents and store 

the result into array[3J 

Store the contents of array[1] into rsp[0] 

Store the contents of array[2] into rsp[1] 

Return response, and wait for command 

Store the value of cmd[0] into array[0] 

Store a random number (0 to 2) into array[1] 

Compare array[0] and array(1] contents and store 

the result into array[4] 

Store the contents of arrayfj] into rsp[0] ' 

Store the contents of array[2] into rsp[1] 

Store a value of 1 (to indicate the last) into rsp[1J 

Jump to line 0x14 if the contents of array[2]*0 

Store 20 (points won per game) into array[5] 

Jump to line 0x16 if the contents of array!3]*0 

Add 20 (points won per game) to array[5] 

Jump to line 0x18 if the contents of array[4]*0 

Add 20 (points won per game) to array[5] 

Add the contents of array[5) to points 

Store the contents of array[5] (final points) into rsp[2] 

Return response, and exit 
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LINE 


SCRIPT 


COMMENT 


00 


set (0, 0) 


Store 0 into array[0] (loop index) 


01 


set (1,0) 


Store 0 into array[1] (points won) 


02 


set (2,0.) 


Store 0 into array[2] (random number to be 






compared with input) 


03 


getcmd (3, 0) 


Store the value of cmd[0] into array[3] 


04 


eq (3, 0, 12) 


Jump to line 0x12 if array[3] contents 0 






(Comparing values follows) 


05 


cmpa (4, 2, 3) 


Compare array[2] and array[3] contents and store 






the result into array[4] 


06 


setrspa (4, 0) 


Store the contents of array[4] (result of comparison) 






into rsp[0] 


07 


addv (0,0,1) 


Increment the counter value contained in array[0] 






by one 


08 


setrspa (0, 1) 


Store the contents of array[0] (loop count) into rsp(1] 


09 


ne (4, 0, Ob) 


Jump to line Ox Ob if the contents of array[4]*0 






(means loosing) 


0a 


addv (1,1,10) 


Add 10 (additional points) to array[1] 


Ob 


eq (0, 5, Oe) 


Jump to line OxOe if the contents of array[0)=5 (last) 


Oc 


return 


Return response and wait for command 


Od 


jump (03) 


Jump to line 0x03 (beginning of loop) 






(Last loop execution follows) 


Oe 


pointv (1) 


Add the contents of arrayp] to points 


Of 


setrspa (1,2) 


Store the contents of arrayfj] (points) into rsp[2] 


10 


setrspv (1,3) 


Store a value of 1 (to indicate the last) into rsp[3] 


1 1 


end 


Oof urn roormnoa onH ovit 

nt/iurn rusponst? aiiu exit 






(Generating a random number follows) 


12 


random (2 f 5) 


Store a random number (0 to 4) into array[2] 


13 


addv (2,2,1) 


Increment the value contained in array[2] by one 






(the range of random numbers change to 1 to 5) 


14 


setrspa (2, 0) 


Store the contents of array[1] (random number) 






into rsp[0] 


15 


return 


Return response and wait for command 


16 


jump (0, 3) 


Jump to line 0x03 (beginning of loop) 
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